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This se r ies  o f  repo r t s  i s  designed t o  f a c i l i t a t e  prompt 
r e p o r t i n g  of data from s tud ies  conducted by the  Alaska 
Department of F ish and Game, e s p e c i a l l y  s tud ies  which 
may be o f  d i r e c t  and imnediate i n t e r e s t  t o  s c i e n t i s t s  
o f  o the r  agencies. 

The pr imary purpose of these repo r t s  i s  p resenta t ion  of 
data. Desc r ip t i on  of programs and data c o l l e c t i o n  methods 
i s  inc luded o n l y  t o  the  ex ten t  requ i red  f o r  i n t e r p r e t a t i o n  
o f  the  data. Ana lys is  i s  genera l l y  1  i m i  t ed  t o  t h a t  neces- 
sary  f o r  c l a r i f i c a t i o n  o f  data c o l l e c t i o n  methods and 
i n t e r p r e t a t i o n  o f  t he  bas ic  data. No attempt i s  made i n  
these r e p o r t s  t o  present  ana lys i s  o f  t he  data r e l a t i v e  t o  
i t s  u l t i m a t e  o r  intended use. 

Data presented i n  these repo r t s  i s  intended t o  be f i n a l ,  
however, some r e v i s i o n s  may occas iona l ly  be necessary. 
Minor r e v i s i o n  w i l l  be made v i a  e r r a t a  sheets. Major 
r e v i s i o n s  w i  11 be made i n  the form o f  rev i sed  repo r t s .  
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1978 K V I C W  RIVER -SOCKEYE SALMON SMOLT STUDLES 

Henry J. Yuen 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Anchorage, Alaska 

INTRODUCTION 

Data on age composition, s ize ,  and numbers of Kvichak River sockeye 
salmon (Oncorhynchus nerka) smolt migrating to  sea  are used by the Alaska 
Department of Fish and Game in forecasting part of the age composition and 
numbers of subsequent adult returns to  the Bristol Bay fisheries and in evalu- 
ating the effects of different escapement levels on smolt production. From 
1955 to  19 73 an index of the smolt outmigration was derived froin fyke net 
catches. Although these outmigration indices have provided information on 
fluctuations in the smolt populations, they were not reliable in forecasting 
the magnitude of salmon runs back t o  the Kvichak River. Sonar equipment 
was introduced in 1969 to obtain a total outmigration estimate (Russell 1972; 
Parker 19 74a) . Beginning in 19 71 these total outmigration estimates have 
replaced the outmigration indices (Russell 1972; Paulus and McCurdy 19 72; 
Parker 1974a and 1974b). Collection of age and s ize  data and sonar enumer- 
ation of emigrating Kvichak River smolt were continued in 1978. 

METHODS AND MATERIALS 

Installation and operation of the sonar counting system was similar 
t o  that of 1976 (Randall. 1977). The system consisted of three 10.5 f t .  plastic 
ladder assemblies, or arrays, each of which had 14 sonar transducers. Each 
transducer had 330 ft. of electronic cable. The transducers were attached to 
the arrays and their cables gathered together into three separate bundles which 
were con~lected to a single control unit housed in a tent on the riverbank, 
where the entire system was monitored. Each array was independently anchored 
and, after being positioned in the river channel, was submerged to the bottom 
for actual operation, 

The system functions a s  a biomass counter and was designed to  regis- 
ter one count for a biomass equivalent t o  10 smolt (Parker 1974a). The system 
was monitored 24 hours per day. Every 7.5 to 60 minutes, counts were elec- 
tronically totaled for each array and recorded on paper tape. Total counts were 



multiplied by 10 f i sh  per count to  estimate smolt passing over the three arrays. 

Known fa l se  counts ,  caused by wind, rain, snow, boats ,  etc., were 
stibtracted from the counts printed on the  paper tape. The normal procedure, 
however, was t o  disable  the entire system when a known source of fa l se  
counts appeared ( e  .g. , boat, ice) . Counts during missed time were esti- 
mated by linear interpolation, The control unit printed out t h e  number of 
seconds the system was disabled. A s  the  error in the  internal mechanical 
clock that  recorded the  disable  time was a negligible 0.2%, i t  was ignored. 

Each array covered a sect ion of the river approximately 12 f t .  across .  
The counts from each array were expanded to estimate the  number of smolt out- 
migrating in sections of the river not covered by the sonar gear. A sonar trans- 
ducer with a Z0 beam was aimed across  the river from both s ides  of the  river 
t o  determine the  horizontal distribution of the smolt. The control unit for this  
s i d e  scanning sonar logged the returning echos into 1 2  individual counters 
depending on dis tance from the  sending unit. The width of the  river a t  the  
sonar s i t e  changes with river discharge and in 1978 the river was 342 f t .  wide, 
Sonar records indicated that 40 ft .  on the  west bank and 20 ft .  on t h e  eas t  
bank were not utilized by smolt. Figure 1 il lustrates the  position of the  arrays 
in  the  remaining 282 it. The total  daily counts were expanded t o  estimate the  
to ta l  daily outmiyration based on the distribution of sonar counts over the three 
sonar arrays (Figure 2). These expansion factors were 8,1, 5.0, and 5.4  for 
the  western, center, and eastern sector respectively. 

The counting rate of the system is adjusted each season depending 
on river velocity. Water velocities were measured with a Gurley meter over 
each  array a t  the  s tar t  of the  season.  Since the  control unit was adjusted 
for the velocity of the  center array, linear adjustments of the offshore and 
inshore counts were made for the  differences in  river velocity over these  two 
arrays. The control unit m7as s e t  for 5.40 feet per  second (fps) , a s  measured 
on May 19. Average velocities ranged from 4.80, 5 .40 ,  and 4.80 fps over 
t h e  inshore, center,  and offshore arrays,  respectively. A sample of a com- 
pleted daily outmigration estimate with the  adjustments for disable  time, 
velocity differences, and expansion for unsonified areas  was presented by 
Randall (1977) . 

Samples from fyke net catches were used to  determine mean lengths,  
weights,  and age composition of the outmigrating smolt. A standard 4 x 4 ft. 
fyke net was fished in about 4 ft .  of water in approximately the  same location 
as t h e  index s i t e  of previous years.  Thirty smolt were collected for age,  
length,  and weight data  a t  0300, 0900, 1500, and 2100 hours daily. Because 
the  estimated a g e  proportion was 90% age  I1 and 10% a g e  I, the smolt age  
s a r ~ p l e s  were pooled into sample s i z e s  of 150 f ish or more which allowed 
detection of a 5% change i n  the a g e  composition a t  the 95% confidence limit 
(Snedecor and Cochran 1967). As a result  there were four sample periods 
between 2 t o  8 days each. Estimated a g e  composition of the  total  outmigration 
was weighted by the  outmigration estimate of each of the  four sample periods. 







Length and weight data were not pooled because of significant differences 
between samples a s  few a s  1 day apart. Estimated mean length and weight 
for the entire outmigration was obtained by summing the daily mean lengths 
and weights, each weighted by the corresponding daily outmigration esti- 
mate. 

RESULTS 

Outmigration Estimate 

Nearly 4.3 million smolts were counted i n  1978 with the center array 
recording the largest count of 2 .1 million, followed by the offshore array 
with 1.6 million, and the inshore array with 620.8 thousand (Table 1).  

Timing of the  outmigration was t h e  earliest  s ince  the  Kvichak smolt 
s tudies  began in 1955. An expanded count of about 15.4 million smolt were 
counted between May 18 and 19 ,  the f i rs t  night of sampling, and when the  
study ended on June 9 ,  over 248.2 million smolt had been counted (Table 2). 
The peak of the outmigration occurred between May 23 and 24. An additional 
estimated 2 1 .6 million smolt (8%) emigrated before the smolt proj ect  began 
on May 18. Thus a total  of 269.8 million smolt f s estimated t o  have emi -  
grated down the  Kvichak River (Table 2 ) .  

The majority of the  srnolt, i . e ,  , 238.5 million, counted were age  II 
srnolt from the  1975 peak year escapement of 13.1 million spawners (Table 
3). The remaining 31.3 million a g e  I smolt were the progeny of 2.0 million 
adults spawning in  1976. 

Aqe-Weight-Length 

A total  of 852 smolt was measured to  determine mean weight and 
length and a total  of 1 ,221 smolt was collected t o  determine age.  Daily 
mean weights and lengths were calculated (Table 4). The estimated a g e  
composition of the total  outmigration was  1 2 %  age  I and 88% age  I1 smolt 
(Table 5). The predominance of a g e  I1 smolt is typical of smolt outmigrations 
from peak year escapements (e .g , ,  1963, 1968, 1973, and 1998). 

Mean weight in  1978 was 6.0 g for age  I smolt and 7.8 g for age  I1 
smolt (Table 5) . The long term average weight is 6.1 g (1 9 years) and 11 . 3  g 
(20 years) for a g e  I and I1 smolts. Mean length was 88.1. mm for a g e  I smolt 
and 96.9 mm for age  I1 smolt (Table 5). The long term average length is 89 
rnm (23 years) for age  I smolt and 110 mm (23 years) for age  I1 smolts. 



Table 1. Kvichak River daily sockeye salmon smolt counts by array, 1 9 7 8 L l  

Date Inshore Center Offshore Total 

May 1 8  
19  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
2 9 
30 
3 1  

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

Total 620,778 2,102,532 1,571,382 4,294,692 

P erc ent of 
total 14.4 48.9 

Counts less fa lse  counts plus interpolation for missed time, beginning 
a t  noon and ending a t  noon the  following day. 



Table 2 . Expanded Kvichak River dai1.y and cumulative sockeye salmorz nrnoit outmigration, 19 7 8. 

Date 

May 18 
19 
2 0 
21 
22 
23 
24 
25 
26 
27 
28 

I 
u 

2 9 

t 
30 
31 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 

AGE I AGE El 
No. Accunl , No .. Accu m , 

counts % counts counts % cOu,nt s 
Total 
cclunts 

Accum . 
counts 

TOTAL 11.60 31,305,140 88.40 238,523,253 269,828,393u 

r/ Includes21,586,271smoltthoughttooutmigratepriortoMay18ofwhich11.25%or2,428,455areAgeI 
and 88.75% or 19,157,816 are Age I. Total expanded count was 248.2 million smolt. 



1/ Table 3. Kvichak sockeye salmon parent escapement and corresponding smolt production, 1956-1976-, 

Brood 
yea r  Escapement 

Age Proportion Smolt per 
Age I Ase I1 Ase I11 Total Age I Aqe I1 Aqe I11 spawner 

For the years 1956 through 1967 production values a re  indices only; s ince  1969 production values are  actual 
estimates of smolt numbers. 

2/ From brood year 1968, the Age I smolt production value is an index whereas the Age I1 smolt production value 
is an  estimate of total  abundance, 



Table 4 ,  Sample size, mean length (mm), mean weight (g), and variance for sockeye salmon smolt by age class 
and sample period, Kvichak River, 19 78, 

Age I Age I1 
Date Mean length Variance Mean wt. Variance N Mean length Variance Mean wt.  Variance N 

May 19 91.00 6.10 1 106.07 33.067 9.88 2.56 2 9 

June 1 88.52 14.962 6,03 0 " 5 9  2 1  92.92 15.264 6.86 0.65 38 





Climatoloqical and Hydrological Observations 

Weather and river conditions were recorded a t  t he  sonar s i t e  from 
May 19 through June 9 (Table 6).  Air and water temperatures were signifi- 
cantly warmer than in pas t  years (Table 7). The average a i r  and water 
temperatures during the  2 1 day sampling period were 9.7 and 7.6' C,  res- 
pectively. At the  s tar t  of this project t he  lake and river were virtually 
ice-free. Water levels  in  the  river were lower than in pas t  years .  The 
river began t o  r i se  on May 23 and by the end of the  sampling season had 
r isen more than 0.2 f t ,  

DISCUSSION 

Sonar estimates of the  total  smolt outmigration have been made 
s ince  1971. Several years  of data  exis ts  t o  init iate assessment  of the 
Kvichak smolt project in terms of its goals to: (1) forecast the return of 
adults based on the number and a g e  composition of the smolt outmigrants 
and (2) t o  determine the  affects of different parental escapement levels  on 
smolt production. 

Forecasting of Adult Returns 

Five years of data  ex is t s  from which the  smolt outmigration and sub- 
sequent adult return can  b e  studied. There is no clear relationship between 
the  return of 42 and s p  u a d u l t s  and the  a g e  I smolt (Figure 3) . Estimated 
survival from the a g e  I smolt t o  t h e  42 and S2 adult range from a low of 1% 
to  a high of 16%. The 53 and 63 returns from the a g e  11 smolt a re  more pre- 
dictable,  although smolt t o  adult survival range from 4% t o  25% (Figure 4) . 
Environmental factors (weather, predation, food supply) probably affect t he  
smaller a g e  I smolt more than the larger age  I1 smolt resulting i n  more vari- 
ab le  a g e  I smolt survival ra tes .  

Production of Smolt from Parental Spawners 

Seven years of data  exists from which the relationship between 
numbers of parental spawners and subsequent smolt production can  b e  
examined. The number of smolt per parental spawner range from a low of 
9.7 t o  a maximum of 56.4 with no clear relationship between the two (Figure 
5). An analysis  of parental escapement characteristics such a s  s e x  compo- 
sit ion and fecundity may clarify this  relationship. 

1/ Gilbert-Rich Formula - Total years  of l i fe  a t  maturity (large type) - year  
of l ife a t  outmigration from fresh water (subscript). 



Table 6 . Climatological and stream observations, Kvichak River, May 18-June 19, 1978. 

Wind Air Temp. Water Temp. Prec ip i ta t ion  Water Level I /  
" C  Sky Direction-Veloci ty  [MPt l l  - " C -- ( inches)  (f t .  ) -'Turbidity_ 

Date 0800 2000 0800 2000 Eax, Min. tlin. Max. 24 hrs .  0800 0800 

SWlO 
SW15 

SW4 SW2 
SW8 

calm 

NElO SW5 
NL3 calm 

calm SE5 
NElO N4 
SW12 NElO 

NE15 
NE4 r!E4 
NE5 NE5 

calm SW4 
NE5 calm 

SW5 calm 
calm SWl 0 
NE3 NE2 
SE5 calm 
NE7 calm 

8 2 4 NE4 SWl0 2 5 5 8.5 10.5 T 9.18 1 
9 4 NE3 9.18 1 

1/ Depth of  inshore half  of cen te r  a r ray  9.18 corresponds t o  tower s t a f f  gauge of 1.9' - 
Sky codcs: I -c lear  sky, cloud covrring not more than 1/10 of skv. T~t rh ld i  ty cncles: 

2- cloud coverinq not mnre than 112 or sky. 1- clcar 

3- cloud coverlng more than 112 of sky. 2- l i g l i t  turb id i ty  

1- complete overcast. 3- ~l~edium turb id i ty  

5- Cog. I- It~nvy  turh id l ty  

5 -  glac ia l  

6- I c r  roverrd 



Table 7. Water temperatures ( O C )  during smol t s tudies ,  Kvichak River, 
1964 to  1978. 

Date Water Temperature 
Year S t a r t  End Minimum Maximum Mean 

1964 511 8 6/14 0.0 5.6 5.5 

1965 511 7 611 1 0.0 8.9 4.4 

1966 511 6 6/26 0.0 1 - 1  4.7 

1967 511 7 6/20 1.1 9.4 6.9 



10 40 5 0 8 0 

Age I smol t outmigrants  (mi 11 i o n s )  

F igure  3.  Age I smolt  outmigrat ion by year o f  outmigrat ion and 
1 - f r e sh  water  adul t r e t u r n s ,  Kvi cha k River .  



Age I I Smol t Outmigrants (mi 1 l i o n )  

F igure  4. Age I 1  smol t ou tm ig ra t i on  by year  of ou tm ig ra t i on  and 
2-fresh water a d u l t  re tu rns ,  Kvichak River .  



5 10 

Parental Spawners ( m i  1 1 i ons )  

Figure 5. Relationship between number of parental spawners and subsequent 
smolt produced per spawner by brood year. 
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1978 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

John H. Clark and Timothy L. Robertson 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Anchorage, Alaska 

INTRODUCTION 

The Wood River Smolt Project utilizing fyke nets  was initiated in  
1951 t o  obtain an abundance index of annual sockeye salmon smolt out- 
migration. Various programs designed to  determine this index were oper- 
a ted until 19 71 (excepting 1968). The index program was discontinued in  
1971 because  the relationship between this  abundance index and the  even- 
tua l  aduit return was extremely variable and of l i t t le  value in  forecasting 
the  magnitude of future runs. There was a l so  no clear relationship between 
escapement and the smolt production index. 

A more accurate and precise  smolt outmigration estimate was needed 
for forecasting adult returns and evaluating the potential of various manage- 
ment options recently initiated in the Wood River Lakes. Sonar smolt 
enumeration equipment therefore was purchased in  1975. The project has  
been continued through 1978 with the  same objectives of estimating number, 
s i z e  and age  composition of the  smolt emigrating from the Wood River sys-  
tem. During 1978, a n  additional objective was added t o  the  project. 
Calibration of the  Wood River sonar smolt counter was researched in order 
to insure that  it was counting as designed at the rate of 5 smolt per count 
and to  answer questions raised by Newcome (1978) . 

The outmigration estimates published for 1975 and 1976 (Krasnowski 
1977) for the Wood River Smolt Project were not estimates of total  smolt 
migration, but were only an index of the  numbers of smolt passing down the  
river. The sonar equipment was designed t o  count a t  a rate of 5 smolt per 
count, and through an oversight, the  counts were not multiplied by this  
factor. Newcome (1978) published expanded sonar counts for the  1977 
Wood River sockeye salmon outmigration and redefined the published 19 75 
and 19 76 outmigration estimates a s  expanded sonar index counts.  The pre- 
sent  report will summarize the 1978 data  and expand the  1975 through 1978 
sonar index counts to actual smolt outmigration estimates. 



METHODS ATJD MZ.TERIALS - 19 78 

The same four transducer arrays and electronic control units were 
used in 1978 as were used in  1976 and 1977 (Krasnowski 1976, 1977; and 
Newcone 1975). An attempt was made to  place the  arrays in  the  same 
locations as were used i n  1976. The actual positions of Array I ,  11, 111, 
and TV from the  north bank were: 69, 11 2 ,  148, and 204 fee t ,  respectively. 
This put Array IV a t  a distance of 131 feet  from the south bank. 

With a few minor changes,  the,sampling design and sonar data 
collection procedures were the  same as described by Krasnowski (1 9 77) . 
The arrays were installed in the river on May 28 and the counter was oper- 
a ted during index hours (2100 to  0300) only through June 1st. A random 
daily counting schedule was started on June 2 and continued until July 22. 
The sonar gear was operated 75 hours (25 randomly selected 3 hour blocks) 
per 5-day sample period. Array I was operated during all sampling hours. 
Arrays 11, 111, and IV were operated i n  a random sequence for I s m i n u t e  
intervals within each hour, and these  15-minute counts were expanded to  
yield hourly counts for each array. Between July 22 and August 11, the  
sonar counter was monitored during index hours only, 

River velocity was measured with a pygmy gurly meter on 93 occasions 
during the season.  Velocity measurements usually were made behind array 
number I, a s  was accomplished during 1975 and 1976. Velocity measure- 
ments were taken periodically behind the  other three arrays.  

Lake depth a t  the Alaska Department of Fish and Game (ADF&G) cabin,  
near the  outlet of Lake Aleknagik about a m i l e  upriver from the  sonar s i t e ,  was  
measured four t i m e s  daily. River depth at the  sonar s i t e  was measured every 
15 minutes during periods of sonar counting. Daily air  and water tempera- 
ture data was also recorded a t  the ADF&G cabin. 

The velocity model used in  1976 to  estimate hourly velocity factors 
for adjusting the  hourly counts (Krasnowski 1977) could not be  applied t o  the  
19 78 velocity data .  First, t he  river velocity data  were s o  variable that the  
model did not f i t ,  and second, not enough river velocity - river depth paired 
data  points were collected t o  adjust  for tidally influenced periods. Sonar 
counts during time periods of no t idal influence on velocity were adjusted 
through the  u s e  of a correction factor calculated by dividing the average 
velocity during these  time periods (per 5 day sampling schedule) by the  4.5 
feet  per second (fps) velocity sett ing on the counter which was maintained 
throughout t h e  season.  Sonar counts during tidally influenced time periods 
were estimated by extrapolation between non-tidally influenced counts.  
Lastly, all sonar counts per 5 day sampling period were expanded by inter- 
polation across  the entire width of the  Wood River and for t i m e  periods not 
counted. 



Smolt were collected for age-weight-length analysis during each 5-  
day sample period. The samples were collected with a beach se ine  near 
the outlet of Lake Aleknagik and with a fyke net fished 1/4 mile below the 
sonar site in the  Wood River. Fork lengths and sca le  samples were taken 
from each smolt. Weights were taken from only a few of the  smolt, but a l l  
smolt were examined for presence of the parasite Triaenophorus c rassus .  

During l a t e  July a floating fyke net was fished immediately behind 
sonar array number I. Comparative fyke net catch and sonar count data  
during night-time hours (midnight t o  0200 h) were collected on 16 occasions 
in a n  attempt to  calibrate the  sonar counter. 

RESULTS 

Climatological and Hydrological Observations 

Daily water and air  temperatures a t  the ADFSIG cabin during the smolt 
outmigration were measured (Table 1) .  The maximum and minimum seasonal  
water temperatures were 16O C (August 2 and 7) and 5O C (May 28 through 
June 1). The maximum and minimum air temperatures were 33' C (August 2) 
and lo C (June 4) .  

Biological Sarnplinq 

Mean lengths for age  I and a g e  11 smolt were calculated by sample 
period (Table 2) . The weighted mean lengths for the season of age  1 and 
age I1 smolt were 75.8 mm and 87-6  mm, respectively. Estimated infection 
ra te  of age I and age I1 sockeye salmon smolt by x. crassus  was calculated 
(Table 3). Overall, about 15% of the  a g e 1  smolt and 40% of age  I1 smolt 
were infected by the  parasite.  

Total Expanded Counts (Outmigration Index1 

The total  expanded counts for 19 78 were 10,997,100 (Table 4). Age 
I smolt comprised 84.7% (9,320,000 expanded counts) of the outmigration, 
Age I1 smolt comprised 15.3% (1,677,100 expanded counts) with t h e  majority 
of the  age  I1 smolt emigrating during the  early part of the season.  

Sonar outmigration indices (seasonal total expanded counts) for a l l  
the  years  this  program was operated are  presented in Table 5 whereas, Table 
6 relates  these  smolt outmigration indices to  appropriate brood year escape- 
ments. 



Table 1 . Water and a i r  temperatures taken a t  the  ADF&G sonar s i t e ,  Wood River, 19 7 8 .  

Date 
Water Air temp. (OC) 

temp. (OC) Max. Min . Date 
Water Air temp. (OC) 

temp. (OC) Max. Min. 



Table 2. Sample s i z e s ,  mean 1 engths (mm) , and variance o f  length f o r  Age 
I and Age 11 sockeye salmon smolt sampled by sample period, 
Wood River, 1978. 

SAMPLE A G E  I 
- AGE I 1  

PERIOD 2 - 
n x s n x s 2 

May 29 - June 2 - 104 70.2 127.7 231 85.4 53.3 

June 2 - June 7 !! 67 70.4 125.4 73 83.7 42.3 

June 7 - June 12 l/ 227 74.2 75.7 91 85.9 96.0 

June 12 - June 17 11 266 77.6 72.3 95 85.3 72-3 

June 17 - June 22 1/ 235 72.6 42.3 50 85.9 90.3 

June 22 - June 27 1/ 361 76.8 84.6 38 86.8 228.0 

June 27 - Ju ly  2 1/ 123 74.5 39.7 14 95.4 70.6 

Ju ly  2 - July  7 - 130 76.8 59.3 52 98.2 148.8 

Ju ly  7 - Ju ly  12 2/ 338 81 . O  56-3 7 99.0 - 
Ju ly  12 - Ju ly  17 2/ 212 79.9 60.8 0 - - 
Ju ly  17 - Ju ly  22 2/ 350 86.7 44.9 0 - - 
Ju ly  22 - Ju ly  27 173 89.2 38-4 0 - - 

Ju ly  27 - August 1 49 77.3 126.6 0 - - 
August 1 - August 6 ' 66 89.7 182.3 

August 6 - August 11 "68 83.3 225.0 1 104.0 - 

May 29 - August 11 75.8 90.8 87.6 100.2 

I /  Lengths estimated from smolt captured by beach se ine  a t  Mosquito - 
Point  a t  t h e  o u t l e t  of Lake Aleknagik. 

2/ Lengths estimated from smolt captured by beach seine  (Mosquito - 
Point)  pooled w i t h  smolt samples catured by fyke nets  i n  the Wood 
River 1 /4  mile downstream from t h e  sonar s i t e .  

3/ Lengths est imated from smolt captured by fyke net i n  the  Wood River - 
1/4 mile downstream from the  sonar s i t e .  

4/ The season t o t a l  mean length i s  derived by weighting each sample - 
per iod ' s  mean length by t he  t o t a l  expanded counts f o r  t h a t  period 
(Table 4 ) .  - 2 2  - 



Table 3. Sample s izes  and estimated infection ra te  of T. crassus f o r  Age I 
and Age I 1  sockeye salmon smolt by sample period, Wood River, 1978. 

Samp 1 e Aae I 
a! 

Aqe I1 
Period n ,o T.C. n a! T.C. 

1 / May 29-June 2 - 1 08 13-5 264 35.6 
1 / June 2-June 7 - 80 20.0 80 53.8 

1 / June 7 J u n e  72 - 8 6 21.5 7 2 44.6 

June 124une 17 - '/ 101 28.0 19 37.2 

110 June 17-June 22 - 43-8 9 

149 June 224une 27 - 9.5 32 
7/ June 27-duly 2 - 

July 2 3 u l y  7 l/ 
July 74u1y  12 2/ 

21 July 12-July 77 - 
2/ July 17-July 22 - 
3 1 July 22-July 27 - 

31 July 27-August 7 - 
3 1 August 1 -Augrrs t 6 - 

August d d u g u s t  1 1 68 2,7 1 100.0 

May 29-August 11 1 5 -  1- 41 40. &/ 

1/ T.C. infection estimated from smolt captured by beach seine a t  Mosquito - 
P o i n t  a t  the o u t l e t  of Lake Aleknagik. 

2/ T.C. infection estimated from m o l t  cap tu red  by besch seine (Mosquito - 
Point) pooled w i t h  m o l t  samples captured by fyke net in the Wood River 
1/4 mile downstream from the sonar s i t e .  

3/ T.C. infection estimated from smolt cap tu red  by fykc net  in the Wood - 
River 1/4 mile downstream frgm the sonar s i t e .  

4/ The season to ta l  mean infection r a t e  of  T. crassus i s  derived by - 
tweighting each sample period's mean infection r a t e  by the to ta l  expanded 
counts f o r  t h a t  period (Table 4 ) .  
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T a b l e  5. Summary  of W o o d  River  total e x p a n d e d  s m o l t  c o u n t s  by age class, 
1 9 7 5 ,  1 9 7 6 ,  1 9 7 7 ,  and 1 9 7 8  (number  of c o u n t s  x l o 6 ) .  

Y e a r  of 
o u t m i g r a t i o n  Aqe  I A g e  I1 T o t a l  

T a b l e  6 .  S u m m a r y  o f  W o o d  River  total e x p a n d e d  s m o l t  c o u n t s  f rom brood year 
6 e s c a p e m e n t s  (number  of c o u n t s  x 1 0  ) . 

Brood 
year E s c a p e m e n t  A g e  I Age I1 T o t a l  



Sonar Calibration and Outmigration Estimates 

During la te  July the number of smolt collected by fyke net fished 
behind array number I (Table 7) and when divided by the sonar count of smolt 
during the same period averaged 5.82 smolt per sonar count. It was con- 
cluded that the sonar counter was counting a s  designed, i. e .  , a t  a rate of 
essent ial ly  5 smolt per sonar count. Consequently, data  summarized in 
Tables 5 and 6 have been expanded by a factor of 5 to  provide actual  esti-  
mates of the smolt outmigration from Wood River between 1975 and 1978 
(Tables 8 and 9).  

1973 Brood Year Age I Marine Survival Estimates 

A total  of 1 . I40  million 52  and 0,20 1 million 42 Wood River system 
sockeye returned from the  1973 brood year escapement. Since the  Wood 
River system sockeye a r e  virtually 100% 4 and 5 year old f i sh ,  t h e  resulting 
return from the Age I 19 75 smolt outmigration will total about 1.341 million 
adult  sockeye salmon. The outmigration estimate for th is  age  c l a s s  was 
27,950 million smolt and marine survival is estimated a t  4.8%, 



Table 7.  Wood River smolt sonar calibration data ,  19 78. 

Minutes 
fyke net Number of Total adjusted Incidental 

Date Time fished smolt sonar indices Smolt/catch ca tch  

2.1 6 1  1 Stickleback, 
1 Lamprey 

0115-0130 15  117 35 3.343 1 Stickleback, 
1 Lamprey 

Average 5.820 



Table 8. Summary of Wood River smolt outmigration by age c l a s s  from 1975 t o  1978 
in millions. 

Year of 
outmigration Age I Age 11 Total 

Table 9 ,  Summary of Wood River smolt outmigration resulting from brood year 
escapements in millions and smolt production per spawner. 

Brood Total Smolt production 
year Escapement Age I Age  I1 s molt per spawner 
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1978 BRISTOL BAY SPECIAL SOCKEYE SALMON SMOLT STUDIES 

Summarized by 

Dan Huttunen 

Alaska Department of Fish and Game 
Division of Commercial Fisheries 

Anchorage, Alaska 

INTRODUCTION 

Since the  spring of 1977, samples of migrating sockeye salmon smolt 
have been collected a t  the  Ugashik, Egegik, Nuyakuk, and Igushik Rivers 
to  obtain age ,  weight, and length information and s c a l e  samples from the 
major sockeye salmon producing systems in  Bristol Bay that did not have 
smolt enumeration projects. The 1977 sca le s  have been examined for pattern 
recognition and used in  conjunction with data obtained from the smolt enum- 
eration projects on t h e  Xaknek, Kvichak, and Wood River systems t o  t e s t  the 
feasibil i ty of using smolt s ca le s  a s  standards for separating returning adult 
Bristol Bay sockeye salmon i n  mixed s tock fisheries in 1979 and 1980. Smolt 
from the  same four river systems sampled in 1977 were again sampled in 1978. 
Additionally, Naknek River smolt were a l so  sampled this  year because the  
Naknek smolt enumeration project there was discontinued. 

METHODS AND MATERLALS 

A single collapsible 4 ft .  by 4 ft .  winged fyke net was fished in the  
Ugashik, Egegik, Naknek, and Nuyakuk Rivers. Fishing was conducted in 
the Ugashik River during the evenings of May 23, 24,  and 25 ,  and in the 
Egegik River during the  evenings of May 19 and 2 2. Fishing took place a t  
night i n  the  Naknek River on June 1, and in  the Nuyakuk River on June 18 and 
19. The Igushik River was  sampled during the  evening of June 17 with a 100 
f t  . long beach seine.  

Fork length and s c a l e  samples were collected from all smolt captured 
a t  each special  smolt sampling location. Weight samples to  the nearest  0 .1  
gram were taken from a l l  smolt captured in  the  Ugashik, Egegik, Nuyakuk, 
and Igushik Rivers, whereas weights were taken from only one-half of the  
smolt collected from the  Naknek River. 



RESULTS 

Scale Analysis 

Identification of different stocks of smolt by polynomial discriminant 
analysis of scale characteristics was undertaken using smolt samples collected 
in  1977. Results are summarized in Table 1. Overall accuracies in classify- 
ing group membership of age I smolt ranged from 70.8% for eastside Bristol 
Bay samples to 74.7% for westside samples. Overall accuracy decreased to 
65.4% when all  Bristol Bay age I smolt were classified in a 7-group analysis 
(Table 2).  Only eastside Bristol Bay age I1 smolt were classified a s  there 
were insufficient westside age I1 samples to allow analysis. Overall accur- 
acy of classifying age I1 smolt was 56.0% (Table 1) . These classification 
accuracies may be put into perspective by the fact that in a 4-group analysis,  
chance alone would account for only 25% accuracy. In a 7-group analysis, 
chance alone would account for only 14% accuracy. 

Age, Weight, and Length Analysis 

Table 3 l is ts  sample sizes and length and weight statistics for each 
age class at each river. Conforming to historic data, the eastside Bristol Bay 
smolt were larger than the westside smolt, and age I1 smolt dominated in east- 
side river systems while age I smolt dominated in westside river systems, 

There was little variation between the s ize  of the Ugashik srnolt 
collected in 1978 and those collected 15 years previously. Only a meager 
data base exists for Egegik River smolt, but i t  appears that those smolt out- 
migrating in 19 78 were slightly larger than average. Similarly, 1978 outrnig- 
rating Naknek smolt were noticeably larger than average for that system. 
Smolt from the Nuyakuk and Igushik Rivers were slightly larger than those 
collected in 1977. 

It should be noted that since these samples were collected over rela- 
tively short periods of time, the age composition of the samples may not be 
representative of the overall age composition of the migrating smolt in these 
systems. 



Table 1. Classification matrices for Bristol Bay smolt , 1977. 

1977 AGE I SMOLT 

East Side Predicted Group Membership 
% 

Group (n) Kvichak Naknek Egegik Ugashik 

Kvichak (50) 64.0 26 .O 0 10  .O 

Naknek (50) 16.0 72 .O 0 1 2  .O 

Egegik (21) 4.8 0 8 1  .O 14.3 

Ugashik (50) 14.0 10.0 4 -0  72 .O 

Overall Accuracy = 70.8% 

West  Side - 

Group (11) Isushik Wood Nuyakuk 

Iyushik (50) 70 .O 28.0 2 .O 

Wood (SO) 34,O 58 -0 8.0 

Nuyakuk (50) 4.0 0 9 6  .O 

Overall Accuracy = 74.7% 

1977 AGE 11 SMOLT 

East Side 

Group (n) Kvichak Naknek Eg egik Ugashik 

Kvichak (50) 56.0 22.0 18.0 4.0 

Naknek (50) 

Egegik (50) 

Ugashik (50) 

Overall Accuracy = 5 6.0% 



Table 2. Classification matrix for grouped 19 77 Bristol Bay Age I smolt . 
- 

Predicted Group ~ e r n b e r s h i ~  
% 

Group (n) Kvichak Naknek Egegik Ugashik Igushik Wood Nuyakuk 

Kvichak (50) 58.0 24.0 0 8 .O 6.0 2.0 2.0 

Naknek (50) 10  .O 62 .O 0 10  .O 2 .O 14.0 2.0 

Egegik (50) 4.8 4.8 76.2 14.3 0 0 0 

Ugashik (5 0) 12.0 4.0 8.0 60 .O 4 .O 6.0 6.0 

Igushik (50) 4.0 0 0 2 .O 68.0 22.0 4.0 

Wood (50) 8.0 4.0 6.0 4 - 0  26 .O 48.0 4.0 

Nuyakuk (50) 0 4.0 0 0 4.0 0 92.0 

Overall Accuracy = 65 .4% 
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